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MR deficiency protects mice from developing renal injury and preserves 



















Assessment of NTN in WT and Mr–/– mice 8 days after disease induction. (A and B) Renal histology from WT and Mr–/– mice with NTN. Represen-
tative sections from (A) WT and (B) Mr–/– mice with periodic acid-Schiff staining, demonstrating CGN (single asterisk) and severe tubulointerstitial 
injury (double asterisk) with dilated tubules and cast formation. Original magnification, ×200. (C–G) Disease severity was assessed by measurement 
of (C) histological glomerular involvement, (D) tubular dilatation, (E) proteinuria, (F) serum urea, and (G) urinary MCP-1 excretion, normalized for 
creatinine. In all cases, WT mice exhibited severe disease, whereas Mr–/– mice were significantly protected. *P < 0.05; **P < 0.01; ***P < 0.001.
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Immunohistochemical analysis of renal tissue from WT and Mr–/– mice with NTN examined at day 8 after disease induction. (A–F) MHC class II 
expression (A and B), CD4+ T cells (C and D), and FA-11–positive macrophages (E and F) demonstrated greater infiltration and expression in 
WT animals (A, C, and E) than their Mr–/– counterparts (B, D, and F). (G) Total number of macrophages, averaged per glomerular cross-section 
(gcs), demonstrated a small but significant decrease in Mr–/– versus WT animals. (H–J) Deposited mouse Ig in representative glomeruli from WT 
(H) and Mr–/– (I) mice, and quantification using image analysis (J), demonstrated equivalence. (K–M) Similarly, deposited sheep Igs in WT (K) 
and Mr–/– (L) animals and the image analysis quantification (M) demonstrated equivalent degrees of binding to the GBM in both sets of animals. 
(N) Circulating mouse anti-sheep antibody levels were also equivalent between WT and Mr–/– animals. Original magnification, ×200 (A–D); ×400 
(E, F, H, I, K, and L). *P < 0.05.
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Interaction of MR and FcR. (A) The binding of whole sheep nephrotoxic globulin as well as its Fab and Fc fragments (at 1.25- and 0.625-μg/ml concen-
trations) to chimeric molecules containing the different MR binding domains demonstrated binding to the Fab fragment in a dose-dependent manner, 
which was almost completely abolished by 50 mM mannose. (B) Colocalization of FcγR (green) and MR (red) on unstimulated macrophages (top) 
and aggregated IgG-stimulated macrophages (middle). Isotype control antibody staining is shown below. Original magnification, ×600.
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Macrophage MR deficiency causes a shift to an antiinflammatory phenotype 
































MR deficiency in MCs diminishes Fc-mediated oxygen burst activity and phagocytosis. Bone marrow–derived macrophages were cultured 
from WT and Mr–/– mice. (A) CD16/CD32 expression, as measured by flow cytometry, showed no difference between WT (dotted line) and 
Mr–/– (dashed line) cells. Solid gray and black lines denote isotype controls. (B) Real-time PCR expression of MC FcγRIII in WT and Mr–/– cells. 
(C) Fc-mediated oxygen burst activity, assessed in WT and Mr–/– macrophages over time, demonstrated diminished Fc-mediated oxygen burst 
activity in Mr–/– compared with WT cells. Shown is a representative experiment with 5 replicates per group. (D) FcR-mediated phagocytosis and 
oxygen burst activity, assessed in WT and Mr–/– MCs over time, demonstrated diminished Fc-mediated oxygen burst activity in Mr–/– versus WT 
cells. Shown is a representative experiment with 4 replicates per group. (E) Microbead phagocytosis was performed and compared between 
Mr–/– and WT macrophages. There was significantly less uptake of microbeads in Mr–/– compared with WT cells. ***P < 0.001.
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MR deficiency induces augmented MC proliferation and apoptosis. (A) Quantification of spontaneous MC proliferation by overnight tritiated 
thymidine incorporation. Mr–/– cells displayed significantly greater rates of proliferation (in cpm) than did their WT counterparts. (B) Rates of apop-
tosis of cultured MCs, measured by annexin V+ FACS staining, were significantly higher in Mr–/– cells. (C) p-Akt and total Akt protein expression 
was assessed by Western blot in WT and Mr–/– MC lysates at basal levels and after stimulation with 10% FCS. (D) Densitometry of the bands 
showed that basal levels were lower in Mr–/– cells and did not increase after exposure to 10% FCS, as they did in WT cells. (E) Increased MC 
apoptosis was found in vivo in Mr–/– mice with NTN. The number of TUNEL+ cells in glomeruli from kidneys of WT and Mr–/– animals at day 8 was 
scored and demonstrated significantly higher counts in Mr–/– than WT mice. *P < 0.05; **P < 0.01.
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Cytokine release by WT and Mr–/– bone marrow–derived macrophages after stimulation with LPS and apoptotic WT MCs. Bone marrow–derived 
macrophages were incubated with 0.5 μg/ml LPS with or without apoptotic WT MCs. (A–C) Cultured supernatants were harvested 2 hours after 
macrophage stimulation and assessed for TNF-α (A), IL-10 (B), and TGF-β (C). WT and Mr–/– macrophages reduced TNF-α production after 
uptake of apoptotic MCs, but the effect was significantly greater in Mr–/– cells. (D and E) TNF-α/IL-10 (D) and TNF-α/TGF-β (E) ratios confirmed 
a more significant noninflammatory phenotype in Mr–/– than in WT cells. *P < 0.05; **P < 0.01.
research article


































































































































































































































  1. Contreras  G,  et  al.  Sequential  therapies  for 
proliferative  lupus  nephritis.  N Engl J Med. 
2004;350(10):971–980.









pasture’s  disease:  a  pathogenetic  role  for  both 
effector cells and antibody in injury. Kidney Int. 
2005;67(2):566–575.
  5. Kalluri  R, Danoff  TM, Okada H, Neilson  EG. 
Susceptibility to anti-glomerular basement mem-








1478	 The	Journal	of	Clinical	Investigation      http://www.jci.org      Volume 120      Number 5      May 2010


































































Absence  of  the macrophage mannose  receptor 
in mice does not increase susceptibility to Pneu-
mocystis carinii  infection  in vivo.  Infect Immun. 
2003;71(11):6213–6221.
  24. Akilov OE, Kasuboski RE, Carter CR, McDow-
ell  MA.  The  role  of  mannose  receptor  dur-




of  experimental  crescentic  glomerulonephritis 
and suppresses monocyte chemoattractant pro-





  27. Lukacs-Kornek V, Burgdorf  S, Diehl  L,  Specht 
S, Kornek M, Kurts C. The kidney-renal  lymph 













  31. Gordon S.  Pattern  recognition  receptors:  dou-











I  and Fcgamma receptor  III mediate disease  in 













to  the  variable  region  of  myeloma  immuno-
globulin  light  chains. Proc Natl Acad Sci U S A. 
1970;66(3):975–982.





























sequencing  methodologies.  Methods Enzymol. 
2006;415:59–86.
  46. Zamze S,  et  al. Recognition of bacterial  capsu-
lar polysaccharides  and  lipopolysaccharides by 
the macrophage mannose receptor.  J Biol Chem. 
2002;277(44):41613–41623.
